Feeding conditions can impact sensitivity to drugs acting on dopamine receptors; less is known about the impact of feeding conditions on the effects of drugs acting on serotonin (5-HT) receptors. This study examined the effects of feeding conditions on sensitivity to the direct-acting 5-HT 2A/2C receptor agonist 1-(2,5-dimethoxy-4-methylphenyl)-2-aminopropane (DOM; 0.1-3.2 mg/kg) and the direct-acting dopamine D3/D2 receptor agonist quinpirole (0.0032-0.32 mg/kg). Male Sprague-Dawley rats had free access (11 weeks), followed by restricted access (6 weeks), to high fat (34.3%, n = 8) or standard (5.7% fat; n = 7) chow. Rats eating high fat chow became insulin resistant and gained more weight than rats eating standard chow. Free access to high fat chow did not alter sensitivity to DOM-induced head twitch but increased sensitivity to quinpirole-induced yawning. Restricting access to high fat or standard chow shifted the DOM-induced head twitch dose-response curve to the right and shifted the quinpirole-induced yawning dose-response curve downward in both groups of rats. Some drugs of abuse and many therapeutic drugs act on 5-HT and dopamine systems; these results show that feeding conditions impact sensitivity to drugs acting on these systems, thereby possibly affecting vulnerability to abuse, as well as the therapeutic effectiveness of drugs.
Introduction
A number of factors can impact sensitivity to the effects of drugs acting on monoamine systems, including age (Kostrzewa et al., 1993) , sex (Baladi et al., 2012a (Baladi et al., , 2012b , drug history (Nader and Mach, 1996; Collins and Woods, 2007) , and feeding condition Baladi et al., 2012a Baladi et al., , 2012b . Drugs acting directly (e.g. antipsychotics) or indirectly (e.g. stimulants for attention deficit disorders) on dopamine receptors are used therapeutically (Abi-Dargham and Laruelle, 2005) , and dopamine systems are an important site of action for several drugs of abuse (e.g. cocaine). Both the type and the quantity of food can significantly impact sensitivity to the behavioral effects of drugs acting on dopamine systems (see Baladi et al., 2012a for a review). For example, food restriction eliminates yawning produced by the direct-acting dopamine receptor agonist quinpirole (Collins et al., 2008; Baladi and France, 2009) . In contrast, eating high fat chow or drinking sucrose enhances quinpirole-induced yawning, shifting the inverted U-shaped yawning dose-response curve upward and leftward France, 2010, Baladi et al., 2011) . Feeding conditions can also affect the actions of indirectacting dopamine receptor agonists, including cocaine and methamphetamine McGuire et al., 2011;  see Baladi et al., 2012a for a review).
It is well established that serotonin (5-HT) systems regulate food intake (De Vry and Schreiber, 2000) ; conversely, it appears that feeding conditions can impact sensitivity to the effects of drugs acting on 5-HT systems (Slaiman, 1989; Li and France, 2008; Li et al., 2009 ). However, much less is known about the impact of feeding conditions on the effects of drugs acting on 5-HT systems, compared with drugs acting on dopamine systems. For example, direct-acting 5-HT 2A/2C receptor agonists induce a characteristic head twitch response (irregularly occurring horizontal head movement, resembling a strong pinna reflex; Corne et al., 1963; Li and France, 2008) in mice and rats (Berendsen and Broekkamp, 1990; Darmani et al., 1990; Fantegrossi et al., 2008; Li and France, 2008) . Restricting food intake in rats (10 g/day; Li and France, 2008) significantly decreases head twitching induced by the direct-acting 5-HT 2A/2C receptor agonist (±)-2,5-dimethoxy-4-iodoamphetamine hydrochloride (DOI) . Food restriction also decreases the effectiveness of the indirect-acting 5-HT receptor agonist escitalopram [selective 5-HT reuptake inhibitor (SSRI)] in reducing immobility in a forced swimming test in rats , possibly related to the decreased effectiveness of SSRIs in depressed individuals with eating disorders (Kaye et al., 1998; Barbarich et al., 2004) . Eating high fat chow increases sensitivity of rats to 5-HT 1A receptor agonist [(+)-8-hydroxy-2-(dipropylamino)tetralin hydrobromide (8-OH-DPAT)]-induced lower lip retraction (Li et al., 2011) , although it is not known whether eating high fat chow impacts sensitivity to drugs acting directly at other 5-HT receptors. Eating high fat chow increased 5-HT 2A/2C -binding density in the ventromedial hypothalamic nucleus and anterior olfactory nucleus of mice (Huang et al., 2004) , although it is not clear whether eating high fat chow alters sensitivity to drugs acting directly on 5-HT 2A/2C receptors. Among the many 5-HT receptor subtypes, 5-HT 2A receptors are of particular interest as they are implicated in several psychological disorders (e.g. depression, Celada et al., 2004; schizophrenia, Shimizu et al., 2013) and in drug abuse (Do Prado-Lima et al., 2004; Wrzosek et al., 2012) .
The mechanisms that mediate changes in sensitivity to the effects of drugs acting on monoamine systems under different feeding conditions are not well established, although insulin and insulin-signaling pathways appear to be involved. Insulin deficiency (e.g. following the administration of streptozotocin) alters sensitivity to 1-(2,5dimethoxy-4-methylphenyl)-2-aminopropane (DOM)-induced hypothermia and the effects of 8-OH-DPAT in the tail-suspension test (Miyata et al., 2004) , without affecting sensitivity to DOI-induced wet-dog shakes (Amano et al., 2007) . Some psychiatric disorders that are thought to be associated with abnormalities in 5-HT functioning (e.g. depression) are significantly more prevalent among diabetic individuals (De Groot et al., 2001; Barnard et al., 2006; Anderson et al., 2011) . Thus, insulin status covaries with, and might be causally related to, psychopathology, as well as to changes in sensitivity to drugs across different feeding conditions. One feeding condition that significantly alters insulin status is consumption of foods high in fat or sugar. For example, rats become insulin resistant after as little as 2 weeks of eating high fat chow, and this change in insulin status is accompanied by significant changes in the sensitivity to drugs acting on dopamine systems . It is not known whether eating high fat chow alters sensitivity to the behavioral effects of drugs acting directly on 5-HT 2A/2C receptors.
To further characterize the relationship between feeding conditions, insulin sensitivity, and drugs acting directly at 5-HT 2A/2C receptors, this study examined whether eating high fat chow or food restriction alters the sensitivity of rats to effects of the direct-acting 5-HT 2A/2C receptor agonist DOM. Because it is well established that food restriction or eating high fat chow alters sensitivity to drugs acting directly at dopamine receptors, the direct-acting dopamine receptor agonist quinpirole was also examined to confirm that feeding conditions had an effect on monoamine systems.
Methods

Subjects
Fifteen male Sprague-Dawley rats (Harlan, Indianapolis, Indiana, USA), weighing 250-300 g upon arrival, were housed individually in an environmentally controlled room (24±11C, 50±10% relative humidity) under a 12 : 12 h light/dark cycle (light period 07.00-19.00 h). The study was conducted in two different cohorts of rats. In the first cohort, three rats ate standard chow and four ate high fat chow; in the second cohort, four rats ate standard chow and four ate high fat chow. All rats had free access to food and water in the home cage except as indicated below. Animals were maintained and experiments were conducted in accordance with guidelines of the Institutional Animal Care and Use Committee, the University of Texas Health Science Center at San Antonio, and the 2011 Guide for Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources on Life Sciences, the National Research Council, and the National Academy of Sciences).
Feeding conditions
Testing (DOM or quinpirole) was performed once every other week at 09:00 h throughout the experiment ( Fig. 1 ). One or two individually housed rats (in separate test chambers) were assessed each day, 4 days/week (seven rats were observed for 1 week and eight during the following week). During the first 6 weeks of the experiment, all subjects had free access to standard laboratory chow (Harlan Teklad 7912) and two doseresponse curves were determined for DOM-induced head twitch (weeks 3 and 5 for cohort 1 and weeks 1 and 5 for cohort 2) and one dose-response curve was determined for quinpirole-induced yawning (week 1 for cohort 1 and week 3 for cohort 2). Quinpirole and DOM were tested in different orders between cohorts to monitor whether testing with one drug impacted results obtained with a second drug. Because there were no order effects, data were collapsed across the two cohorts. After 6 weeks, subjects were ranked on the basis of the total number of DOM-induced head twitches and were subsequently assigned to different feeding conditions (groups) such that the average number of DOM-induced head twitches was the same between groups. From week 7 through week 17, rats had free access to either standard laboratory chow (n = 7) or high fat chow (n = 8), during which time three dose-response curves were determined for DOM (weeks 8, 10, and 14) and two for quinpirole (weeks 12 and 16). From week 18 through week 23, rats ate the same type of chow they ate during weeks 7-17; however, the amount of chow provided was restricted (initially to 10 g/day for rats eating standard chow and 6 g/day for rats eating high fat chow) until body weight decreased by 20% of their individual body weights at week 17. Thereafter, the amount of food provided was adjusted daily so that body weight was maintained at the 20% reduced value. During food restriction, two dose-response curves were determined for DOM (weeks 19 and 21) and one for quinpirole (week 23). All subjects were fed daily at 14:00 h. The nutritional content of the standard chow (Harlan Teklad 7912) was 5.7% fat, 44.3% carbohydrate, and 19.9% protein (by weight), with a calculated gross energy content of 4.1 kcal/g. The high fat chow (Harlan Teklad 06414) contained 34.3% fat, 27.3% carbohydrate, and 23.5% protein (by weight), with a calculated energy content of 5.1 kcal/g.
Head twitch
Head twitch was defined as an irregularly occurring horizontal head movement, resembling a strong pinna reflex (Corne et al., 1963; Li and France, 2008) . On the day of testing, rats were transferred from a clear plastic home cage to a test cage (the home and test cages were identical with the exception that no food, water, or bedding was present in the test cage) and allowed to habituate for 15 min. Head twitch experiments were conducted at the same time each test day (09:00 h) by an independent observer blind to the treatment. Head twitch was assessed after injection of vehicle, followed by injection of increasing doses of DOM (0.1-3.2 mg/kg, intraperitoneally), administered every 25 min according to a cumulative dosing procedure. Beginning 5 min after each injection, the total number of head twitches observed for 20 min was recorded. A total of seven dose-response curves were determined for DOM-induced head twitch.
Yawning
Yawning was defined as an opening and closing of the mouth (B1 s) such that the lower incisors were completely visible (Sevak et al., 2008; Baladi and France, 2009 ). On the day of testing, rats were transferred to test cages and allowed to habituate for 15 min. Yawning experiments were also conducted at the same time each day (09:00 h). Yawning was assessed after injection of vehicle, followed by injection of increasing doses of quinpirole (0.0032-0.32 mg/kg, intraperitoneally), administered every 30 min according to a cumulative dosing procedure. Beginning 20 min after each injection, the total number of yawns was recorded over 10 min. A total of four dose-response curves were determined for quinpirole-induced yawning.
Body temperature
Rectal body temperature was measured in a temperature controlled room (24±11C and 50±10% relative humidity) by inserting a lubricated thermal probe attached to a thermometer 3 cm into the rectum. Animals were adapted to the procedure by measuring body temperature on multiple occasions before assignment to a feeding condition. During head twitch experiments, body temperature was measured after completion of each 20-min observation period and before the next injection. During yawning experiments, body temperature was measured upon completion of each 10-min observation period and before the next injection.
Insulin sensitivity
Beginning at week 7 (i.e. when animals had free access to either standard or high fat chow), insulin sensitivity was Free feeding standard Free feeding standard (n = 7) Restricted standard (n = 7) Free feeding high fat (n = 8)
Restricted high fat (n = 8)
Body weight of rats over the course of the study: during weeks 1-6 all 15 rats had free access to standard chow; during weeks 7-17 rats had free access to either standard (n = 7) or high fat (n = 8) chow; and during weeks 18-23 rats had restricted access to either standard or high fat chow, such that body weight decreased by 20% of the respective body weights of individuals at week 17. Arrows indicate weeks when tests with DOM or quinpirole were conducted throughout the study. Vertical axis: body weight in g. Horizontal axis: weeks. DOM, 1-(2,5-dimethoxy-4-methylphenyl)-2aminopropane.
assessed every other week for 6 weeks [the same day of the week and at the same time (09.00 h)] on days when rats did not receive drugs. A small sample of blood was collected from the tip of the tail through a small incision (made using a sterile scalpel blade) and was then expressed on a blood glucose test strip. Glucose levels were measured using a commercially available glucose meter (Accu-Chek Aviva; CVS). Glucose levels were measured before as well as 15, 30, 45, and 75 min after an intraperitoneal injection of 0.75 U/kg insulin.
Drugs
Quinpirole dihydrochloride (Sigma-Aldrich, St Louis, Missouri, USA) and (±) DOM hydrochloride (NIDA Research Technology Branch, Rockville, Maryland, USA) were dissolved in sterile 0.9% saline and administered intraperitoneally. Insulin (protamine zinc recombinant human insulin; Boehringer Ingelheim Vetmedica Inc., St Joseph, Missouri, USA) was dissolved in sterile 0.9% saline and injected intraperitoneally. All injection volumes were 1 ml/kg body weight.
Data analyses
Results are expressed as the average (±SEM) body weight in grams, the number of head twitches during a 20-min observation period, the number of yawns during a 10-min observation period, and body temperature in 1C, plotted as a function of week (body weight) or dose. A two-way (dose and feeding condition) repeated-measures analysis of variance (ANOVA), followed by post-hoc Bonferroni tests, was used to evaluate the maximum effect and area under the curve (AUC) for head twitches and yawning (GraphPad Software Inc., San Diego, California, USA). The dose producing the maximum number of head twitches or maximum number of yawns was determined for each rat, as well as for each doseresponse curve. These doses were log transformed for individual subjects and evaluated using one-way repeated-measures ANOVA, followed by Dunnett's post-hoc analyses. Body temperature was analyzed using two-way repeated-measures ANOVA with feeding condition and dose as factors. For each group of rats (standard chow and high fat chow) a paired t-test was used to examine changes in blood glucose concentration after administration of insulin (Durham and Truett, 2006 ; see Baladi et al., 2011 for a discussion). For all tests, the P-value was less than 0.05.
Results
Body weight
At the beginning of the experiment, rats (n = 15) weighed (mean±SEM) 451.2±8.3 g (Fig. 1) ; after 6 weeks of free access to standard chow, the average body weight increased to 473.0±8.8 g. During weeks 7-17, rats (n = 7) eating standard chow continued to gain weight (500.0±16.1 g during week 17). The remaining eight rats that ate high fat chow, beginning at week 7, also continued to gain weight (577.8±14.3 g during week 17). Beginning from week 18, access to chow (standard or high fat) was restricted for all rats, resulting in a 20% loss in body weight in both groups at week 23; a decrease to 397.9±10.1 g among rats with restricted access to standard chow and to 459.9±8.3 g among rats with restricted access to high fat chow (Fig. 1) .
DOM: head twitch and body temperature
With increasing doses of DOM, head twitching increased and then decreased, generating an inverted U-shaped dose-response curve in rats with free access to standard chow (upper left panel, Fig. 2) . The maximum number of head twitches produced by DOM was not significantly different between rats eating standard chow and those eating high fat chow (e.g. week 14; upper middle panel, Fig. 2) . Moreover, food restriction did not significantly affect the maximum number of DOMinduced head twitches (upper right panel, Fig. 2) . AUC for DOM-induced head twitches was not different between groups for any test (Table 1) . Although the maximum number of head twitches produced by DOM was not significantly different between rats eating standard chow and those eating high fat chow, one-way repeated-measures ANOVAs revealed that the dose producing the maximum number of head twitches was significantly larger for rats eating standard chow [F(6,48) = 14.75, P < 0.01] and for rats eating high fat chow [F(6,55) = 5.945, P < 0.01] when access to food was restricted (upper right panel, Fig. 2 ). Under control conditions (upper left panel, Fig. 2 ) and when rats had free access to either standard or high fat chow (upper middle panel, Fig. 2) , the dose of DOM that produced the most head twitches in individual rats was either 0.32 or 0.56 mg/kg. In contrast, when rats had restricted access to either standard or high fat chow (upper right panel, Fig. 2 ) the dose of DOM that produced the most head twitches in individual rats was either 1.0 or 1.78 mg/kg, and a dose of 0.32 mg/kg DOM produced very few head twitches.
DOM dose-dependently first increased and then decreased body temperature, and it did so in a similar manner throughout the study in rats eating standard chow and those eating high fat chow (lower panels, Fig. 2) . Moreover, food restriction did not alter these effects of DOM on body temperature in either group of rats (lower right panel, Fig. 2 ).
Quinpirole: yawning and body temperature
With increasing doses of quinpirole, yawning increased and then decreased, generating an inverted U-shaped dose-response curve in rats with free access to standard chow (upper left and middle panels, Fig. 3 ). Quinpiroleinduced yawning did not change significantly in rats with free access to standard chow; however, quinpiroleinduced yawning increased significantly in rats eating Quinpirole dose-dependently decreased body temperature in all rats and this effect was not significantly different between rats eating standard chow and those eating high fat chow (lower left and center panels, Fig. 3 ). Although food restriction nearly eliminated the yawning effect produced of quinpirole, it did not significantly alter the hypothermic effects of quinpirole (compare upper and lower right panels, Fig. 3 ).
Insulin sensitivity
After 2 weeks of eating high fat chow, the baseline glucose concentration was slightly, although significantly [t(13) = 3.126, P < 0.01], higher in rats eating high fat chow (116.0±2.6 mg/dl) than in rats eating standard 
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Dose-response curves for DOM-induced head twitch (upper panels) and DOM-induced changes in body temperature (lower panels) during week 5 (left panels), when all 15 rats had free access to standard chow; week 14 (middle panels), when rats continued to have free access to standard chow (n = 7, closed squares) or had free access to high fat chow (n = 8, open squares); and week 21 (right panels), when rats had restricted access to either standard (n = 7, closed triangles) or high fat (n = 8, open triangles) chow. The same (control/baseline) data indicated by gray circles are repeated in all three panels. Vertical axes: upper panels, mean (±SEM) head twitches per 20 min; lower panels, body temperature in 1C. Horizontal axes: dose of DOM in mg/kg body weight (V = vehicle). Significance symbols refer to differences in body temperature only. + Significantly different from the respective vehicle (control) value for rats eating standard chow. *Significantly different from the respective vehicle (control) value for rats eating high fat chow. DOM, 1-(2,5-dimethoxy-4-methylphenyl)-2-aminopropane. Table 1 Area under the curve (AUC) ± SEM values for DOM-induced head twitches in rats eating high fat or standard chow during baseline tests (1 and 2) and throughout the study (see Fig. 1 
Discussion
It is well established that feeding conditions (amount and type of food) can modify, both quantitatively (Baladi et al., 2012b) and qualitatively (Baladi and France, 2010) , the effects of drugs acting on monoaminergic systems. The impact of feeding conditions on the effects of drugs acting on dopamine systems has been studied most extensively, although several studies examined the impact of feeding conditions on the effects of drugs acting on 5-HT systems. For example, food restriction decreases sensitivity to the effects of direct-acting 5-HT 1A receptor agonists and 5-HT 2A/2C receptor agonists, whereas eating high fat chow increases sensitivity to the effects of 5-HT 1A receptor agonists (Slaiman, 1989; Li and France, 2008; Li et al., 2009 ).
Some 5-HT receptor agonists cause head twitching in rodents, with an inverted U-shaped dose-response curve in which the ascending limb of the curve is mediated by 5-HT 2A receptors and the descending limb is mediated by 5-HT 2C receptors (Vickers et al., 2001; Fantegrossi et al., 2010 ; see Canal and Morgan, 2012 for a review). The current study examined the impact of eating high fat chow on the sensitivity of rats to the effects of the directacting 5-HT 2A/2C receptor agonist DOM. With increasing doses of DOM, head twitching increased and then decreased, generating an inverted U-shaped doseresponse curve. At doses slightly higher than those maximally increasing head twitching, DOM also significantly decreased body temperature. Neither DOMinduced head twitching nor DOM-induced changes in body temperature was significantly different between rats eating standard chow and those eating high fat chow, despite the fact that rats eating high fat chow gained significantly more body weight as compared with rats eating standard chow and were insulin resistant. The fact that neither limb of the head twitch dose-response curve was impacted by eating high fat chow suggests that eating high fat chow does not alter sensitivity to drugs acting at 5-HT 2A or 5-HT 2C receptors. Together with other studies, these results show that eating high fat chow changes sensitivity to drugs acting at certain subtypes of 5-HT receptors without affecting sensitivity to drugs acting at other subtypes of 5-HT receptors. Whereas Dose-response curves for quinpirole-induced yawning (upper panels) and quinpirole-induced changes in body temperature (lower panels) during week 1 (cohort 1) or week 3 (cohort 2), when all 15 rats had free access to standard chow (left panels); week 16 (middle panels), when rats continued to have free access to standard chow (n = 7, closed squares) or had free access to high fat chow (n = 8, open squares); and week 23 (right panels), when rats had restricted access to either standard (n = 7, closed triangles) or high fat (n = 8, open triangles) chow. The same (control/ baseline) data indicated by gray circles are repeated in all three panels. Vertical axes: upper panels, mean (±SEM) yawns per 10 min; lower panels, body temperature in 1C. Horizontal axes: dose of quinpirole in mg/kg body weight (V = vehicle). Significance symbols refer to differences in body temperature only. + Significantly different from the respective vehicle (control) value for rats eating standard chow. *Significantly different from the respective vehicle (control) value for rats eating high fat chow.
Food restriction and sensitivity to drugs Serafine and France 49 DOM (5-HT 2A/2C receptor agonist)-induced head twitching was not affected by eating high fat chow, in a previous study 8-OH-DPAT (5-HT 1A receptor agonist)-induced lower lip retraction was found to be significantly enhanced in rats eating high fat chow (Li et al., 2011) .
A number of drugs that are used clinically (e.g. antidepressants, antipsychotics) vary in their selectivity toward different 5-HT receptors (Stahl, 2008) , and the results of preclinical studies suggest that feeding conditions might alter the therapeutic effectiveness of some, but not all, drugs acting on those receptors. For example, some antipsychotic drugs (including clozapine) are antagonists at 5-HT 2A receptors (Meltzer and Massey, 2011) . The results of the current study suggest that the clinical effectiveness of drugs acting at 5-HT 2A receptors might be reduced under some nutritional conditions (e.g. food restriction and dieting). Insofar as eating high fat chow changes the sensitivity to drugs acting at some 5-HT receptor subtypes, it is possible that the actions of indirect-acting 5-HT receptor agonists (e.g. SSRIs) might also be affected by restricting food intake or by eating high fat chow.
Limiting the amount of food that rats eat can also significantly affect the actions of drugs acting on monoamine systems, including both direct-acting and indirect-acting agonists. For example, food restriction significantly attenuates the effects of the SSRI escitalopram (indirect-acting agonist) in the forced swimming test in rats . Although eating high fat chow (free access) did not impact the sensitivity of rats to DOM-induced head twitching, restricting access to food (standard or high fat chow) decreased sensitivity of all rats to DOM-induced head twitching. The rightward shift in the inverted U-shaped dose-response curve might indicate a decreased sensitivity at both 5-HT 2A (ascending limb) and 5-HT 2C (descending limb) receptors. These results extend to rats eating high fat food and to head twitching the observation that food restriction decreases sensitivity to the effects of both direct-acting (Li and France, 2008; Li et al., 2009 ) and indirect-acting ) direct-acting and indirect-acting 5-HT receptor agonists. The fact that the effects of DOM on body temperature were not significantly affected by food restriction in either group suggests that changes in sensitivity to head twitching are not due to pharmacokinetic factors.
More is known about the impact of different feeding conditions on the actions of drugs acting on dopamine systems, compared with drugs acting on 5-HT systems. Some drugs that act directly at dopamine receptors induce yawning; the dose-response curve for yawning is an inverted U-shaped curve with the ascending limb of the curve mediated by dopamine D3 receptors and the descending limb mediated by D2 receptors (Collins et al., 2005) . In the current study, with increasing doses of quinpirole yawning increased and then decreased, generating an inverted U-shaped dose-response curve. Consistent with previous studies (Baladi and France, 2009; Baladi et al., 2011) , sensitivity to quinpiroleinduced yawning was increased in rats eating high fat chow (compared with rats eating standard chow), as indicated by an upward and leftward shift in the ascending (dopamine D3 receptor mediated) limb of the dose-response curve and by an increase in the maximum number of yawns observed (from 5.5±2.0 yawns during free access to standard chow to 9.8±1.2 yawns during free access to high fat chow). Enhanced sensitivity to quinpirole-induced yawning is correlated with the development of insulin resistance , suggesting a relationship between insulin signaling and sensitivity of dopamine systems. Insulin and other hormones (i.e. leptin and ghrelin) that are impacted by feeding condition can modulate dopamine signaling Patterson et al., 1998; Palmiter, 2007) , although the mechanism underlying the enhancement of sensitivity to quinpirole in insulin-resistant rats eating high fat chow is not known (Davis et al., 2010; Baladi et al., 2011) . Also consistent with previous studies (Baladi and France, 2009 ) is the finding that food restriction, both in rats eating standard chow and in those eating high fat chow, nearly eliminated quinpiroleinduced yawning. This decrease in quinpirole-induced yawning in food-restricted rats is thought to result from a selective increase in the sensitivity of dopamine D2 receptors, as agonist-induced yawning is restored in foodrestricted rats by administration of a dopamine D2 receptor selective antagonist (Collins et al., 2008) . Finally, consistent with other studies (Baladi and France, 2009; Baladi et al., 2011) the hypothermic effects of quinpirole are the same under feeding conditions (eating high fat chow and food restriction) that significantly alter quinpirole-induced yawning, suggesting that differences in sensitivity to quinpirole-induced yawning are not due to pharmacokinetic factors.
The fact that the sensitivity of rats to DOM and quinpirole was affected differently by eating high fat chow shows that some monoamine systems are more sensitive than others to certain manipulations in feeding conditions. There are striking age-related and sex-related differences in the extent to which feeding conditions modify the actions of drugs acting on dopamine systems (Baladi et al., 2012b) . For example, adolescent rats are more sensitive than adult rats to the effects of eating high fat chow on the behavioral actions of cocaine (Baladi et al., 2012b) , with adolescent female rats being most sensitive. It is not known whether there are age-related and sex-related differences in how different feeding conditions alter sensitivity to the effects of drugs acting on 5-HT systems, however, on the basis of the data obtained with drugs acting on dopamine systems, it might be expected that adolescent female rats would be more affected than adult male rats (current study) by the impact of different feeding conditions on sensitivity to drug effects. Given that depression [and prescription of indirect-acting 5-HT receptor agonists (SSRIs)] is more common in females than males (Molina et al., 2013) , future studies on the sex dependence of changes in drug effects across different feeding conditions could provide important information relevant to substance abuse and to variations in the therapeutic effectiveness of drugs acting on monoamine, and in particular 5-HT, systems. These data contribute to the growing body of literature demonstrating that feeding conditions can significantly alter sensitivity to drugs acting on monoamine systems.
